Prior research documents an elevation in bid-ask 
. Introduction
B rock and Kleidon (1992) , McInish and Wood (1992) , and Chan, Chung and Johnson (1995) analyse intraday patterns in quoted bid-ask spreads on the New York Stock Exchange (NYSE), which is organised as a specialist dealer market. They all document a U-shaped pattern in intraday quoted bid-ask spreads, which mirror patterns in intraday volume and volatility-two well known determinants of bid-ask spreads. These findings are consistent with specialists using their market power to extract economic rents from traders at the open and close, when the demand to trade is most inelastic. Chan, Christie and Schultz (1995) analyse intraday patterns in quoted bid-ask spreads on NASDAQ-a competitive dealer market. In contrast to previous research, they find that inside dealer spreads narrow throughout the trading day, especially near the close. They argue that unlike NYSE specialists, NASDAQ dealers have no special knowledge of order flow and little market power, and conclude that the reduction in bid-ask spreads on NASDAQ results from dealer inventory management and the desire of dealers to 'go home flat'. Their findings are broadly consistent with Chan, Chung and Johnson (1995) who examine bid-ask spreads for options traded on the Chicago Board Options Exchange (CBOE), which is also a competitive dealer market. Locals in futures markets can also be characterised as 'competitive dealers', and prior research has demonstrated that they also 'go home flat' (Manaster & Mann 1996) . Hence, the intraday behaviour of quoted spreads in futures markets is expected to be similar to NASDAQ and the CBOE.
In apparent contradiction to the equities and options market research discussed above, Ma, Peterson and Sears (1992) and Wang et al. (1994) both document U-shaped intraday patterns in bid-ask spreads on the Chicago Mercantile Exchange (CME). Further, Wang et al. (1994) find that after controlling for the determinants of spreads, there is no longer an intraday pattern. If taken at face value, this implies that intraday spreads in futures markets behave differently to other competitive dealer markets. The aim of this paper is to determine whether bid-ask spreads in futures markets behave differently to competitive equities and options markets, and attempt to reconcile the apparent contradiction in the literature. Smith and Whaley (1994) identify that prior futures markets research has had to rely on various estimators of bid-ask spreads because quote information is not collected on US exchanges. One of the reasons for the conflicting findings in prior work could be that while the equities and options market research analyses actual quoted spreads, prior futures market research has been reduced to examining various estimates of spreads. 1 The Sydney Futures Exchange (SFE) is organised similarly to US futures markets. However, price reporters on the floor of the SFE collect quotes as well as trade information. This provides a unique opportunity to extend prior research on quoted spreads to futures markets. In this study, we 1. Another possible reason for the contrasting results are the informational differences between the equities/options markets and futures markets. It is well documented in prior literature that futures markets lead equities and options markets in terms of price discovery (e.g. Chan 1992; Fleming, Ostdiek & Whaley 1996) . Such differences could manifest themselves in spreads, and generate the observed widening in spreads at the end of the day documented in prior futures market research. We thank one of the anonymous referees for suggesting this.
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-187 -analyse the intraday behaviour of quoted bid-ask spreads on the SFE in attempting to reconcile previous literature. The remainder of this paper is organised as follows. Section 2 reviews the theoretical work developed to explain intraday patterns in bid-ask spreads, and a discussion of their relevance in a futures market setting. Section 3 discusses the data and method used to document and analyse the patterns in intraday quoted bid-ask spreads. Section 4 sets out the results, while the last section concludes and provides some suggestions for future research.
. Theory
There are two important features of the market structure of the SFE that are likely to influence intraday patterns in spreads. First, SFE locals, similar to CME locals, CBOE dealers and NASDAQ dealers compete against each other for order flow in the provision of liquidity services (see Chan, Chung & Johnson 1995; Chan, Christie & Schultz 1995) . Hence, these markets can generally be described as competitive dealer markets. Second, unlike overseas markets, floor trading on the SFE breaks for lunch as well as overnight (see the appendix). In the remainder of this section we review the explanations provided for intraday patterns in bid-ask spreads, and predict how these important features of the SFE can interact with trading to influence bid-ask spreads.
The theoretical literature on bid-ask spreads has developed three broad explanations for intraday patterns: market power, inventory holding costs and information asymmetry; each of which will be discussed in turn. Brock and Kleidon (1992) develop a model which demonstrates that monopoly market makers, in using their market power to extract rents from traders, will widen spreads during periods of high transaction demand. Their model recognises that since the optimal portfolio holdings of market agents are likely to change immediately before and after a trading break (e.g. overnight), that transaction demand is also likely to increase. This implies that spreads and trading activity in specialist dealer markets can be elevated in the intervals around trading breaks. On competitive exchanges, where dealers do not have market power, this is not expected to occur. Empirical tests of the market power hypothesis revolve around comparisons of spreads immediately before and after the overnight trading break on the NYSE (a specialist dealer market) and other competitive dealer markets, including the CBOE (Chan, Chung & Johnson 1995) and NASDAQ (Chan, Christie & Schultz 1995) . These papers demonstrate that spreads appear to widen before trading breaks on the NYSE, but not in competitive dealer markets. This literature implies that spreads are not expected to widen immediately before and after a trading break on competitive futures exchanges such as the SFE or CME.
Market Power

Inventory Holding Costs
Inventory holding cost models of the bid-ask spread can be traced back to Stoll (1978) for specialist dealer markets, and Ho and Stoll (1980; and Ho and Macris (1985) for competitive dealer markets. Inventory holding cost models imply that the bid-ask spread is the premium paid to dealers for taking a position in a security in making a market, which causes them to deviate from their preferred (optimum) portfolio. Hence the model relates bid-ask spreads to inventory holding costs. Chan, Chung and Johnson (1995) recognise that, in a specialist dealer market, these models imply a positive relationship between trading activity and bid-ask spreads as specialists may be required to hold larger inventory positions during periods of intense trading activity. Hence, bid-ask spreads may widen at the open and close of trading, reflecting the elevation in trading activity. However, in a competitive dealer market the reverse can occur. Since competitive dealers will find it easier to balance their inventory during periods of higher trading activity, spreads may narrow. This prediction is consistent with the theoretical work of Ho and Macris (1985) . The empirical tests carried out by Chan, Chung and Johnson (1995) and Chan, Christie and Schultz (1995) also support this theoretical work in documenting a narrowing in bid-ask spreads before market closure for the CBOE and NASDAQ and a widening in spreads on the NYSE. This literature implies that bid-ask spreads on the SFE and CME should narrow immediately before a trading break. Following Bagehot (1971) , a number of papers suggest that bid-ask spreads are set by market makers to offset expected losses from trading with informed traders against expected gains from trading with liquidity traders. Copeland and Galai (1983) were the first to provide a rigorous model of spreads based on information asymmetry considerations. Foster and Viswanathan (1994) develop an asymmetric information model which predicts elevated volume, volatility and bid-ask spreads at the start of the trading day. Madhavan (1992) also develops an information asymmetry model which implies that trading resolves uncertainty. Together these papers imply that bid-ask spreads are expected to be wide at the opening of trading and gradually decline throughout the trading day. As argued by Chan, Chung and Johnson (1995) and Chan, Christie and Schultz (1995) this is likely to be the main explanation for the broad intraday pattern that they document for the CBOE and NASDAQ, both competitive dealer markets. Consistent with this literature, it is anticipated that spreads will be elevated when trading resumes immediately following a trading break on the SFE and CME.
Information Asymmetry
Empirical Implications
While the literature reviewed above generates a number of different predictions for bid-ask spreads in competitive dealer markets such as the CME and SFE when the market resumes for trading following a break, the predictions for the close of trading are similar. For the opening of trading, the information asymmetry model predicts an elevation in bid-ask spreads, while the inventory control model predicts a narrowing. For the close of trading, none of the models predict a widening in spreads. The prediction for the close of trading is directly contradicted by the findings of Ma, Peterson and Sears (1992) and Wang et al. (1994) , which demonstrate that different estimates of spreads for futures traded on the CME are elevated immediately prior to the close of trading, while patterns in their determinants are similar to equities and option exchanges organised as competitive dealer markets. This suggests that spreads in futures markets behave differently to equities and options markets. In this paper we reexamine these hypotheses using actual quoted spreads for the SFE.
. Data and Method
The data available for this study was provided by the SFE. The data describes trading in the SFE's four major futures contracts; the Share Price Index (SPI), 3-year bond contract, 10-year bond contract and 90-day bank accepted bill (BAB) contract. The data extends from 1 January 1992 to 31 December 1996 and includes trade and quote records which are time stamped to the nearest second. The trade records include fields describing the price and volume associated with trades, while the quote records document the price of bid and ask quotes. The procedure used by the SFE to collect this data is described in the appendix.
The size of the SPI and 90-day BAB contracts was changed on the 10 October 1993 and 1 May 1995 respectively, and a lunchtime trading experiment occurred for the SPI contract between 9 May 1994 and 30 September 1994. 2 The periods before and after the changes in the SPI and BAB contracts were analysed separately and the lunchtime trading period was excluded for the SPI. All analysis is carried out using a 10-minute observation interval. 3 A time weighting procedure identical to McInish and Wood (1992) is employed to measure bid-ask spreads (SPREAD). Specifically, spreads were calculated as follows:
where: BAS i = the quoted bid-ask spread in index or basis points; t i = the amount of time the spread i exists; and n = the number of different bid-ask spreads that occur during interval t.
Following Chan, Chung and Johnson (1995) , the bid-ask spread is standardised by subtracting the mean and dividing by the standard deviation for the day on which spread t is observed.
To determine whether bid-ask spreads exhibit intraday patterns, we use a regression approach similar to prior research. The following model was estimated:
where: ST (SPREAD t ) = the standardised bid-ask spread; and D k = a time-of-day dummy variable which is set to one if the time-of-day for observation t corresponds to the k-th 10-minute interval of the day, otherwise zero.
The six time intervals from 2.30 p.m. to 3.20 p.m. were excluded for the purposes of constructing the time-of-day dummy variables, which implies that analysis of time-of-day patterns focuses on differences between these excluded intervals and surrounding intervals. The trading hours of the different contracts implies that there are 23 time-of-day dummy variables for the SPI contract and 33 for interest rate contracts.
The parameters of model 2 were estimated using the Generalised Method of Moments (GMM) technique pioneered by Hansen (1982) , and applied in prior related research (see Foster & Viswanathan 1993; Chan, Chung and Johnson 1995; Chan, Christie and Schultz 1995) . GMM is a robust estimator that does not require information on the exact distribution of the disturbances. The parameters of the model, which are given by the vector Φ, need to satisfy a theoretical relation between some function of them, say f(Φ), and a set of instrumental variables, Z -.
This relation, known as the orthogonality conditions, is given by
The GMM estimator selects parameter estimates so that the sample counterpart of the above orthogonality conditions hold; that is, so that the sample correlations between the function, f, and the instruments Z -, are close to zero. 4 One possible reason for the difference between spreads on the CME and SFE is a difference in the determinants of spreads. In order to eliminate differences in the determinants of spreads as a source for the differences in the behaviour of spreads in this paper and prior research, the time-of-day patterns in volume and volatility are documented. VOLATILITY is measured as the time-weighted standard deviation of bid-ask midpoints as follows (see McInish & Wood 1992) :
where:
t i = the amount of time over which price P i (measured using the midpoint of the spread) occurs over the observation interval; n = the number of different prices that occur over the interval; and P -= the time-weighted average price.
Bid-ask midpoints are employed to avoid problems associated with bid-ask bounce, which upwardly biases volatility measured on the basis of transaction prices (Venkatesh 1992) . Trading activity is proxied using contract volume (V O L U M E ) in each 10-minute interval. 5 All of these variables are then standardised by subtracting the mean and dividing by the standard deviation of the variable for the day on which observation t occurs. The GMM approach outlined above is also used to test the significance of intraday patterns in volume and volatility. Figure 1 and table 1 illustrate the intraday pattern in quoted bid-ask spreads for each of the main futures contracts traded on the SFE. Figure 1 provides evidence of an elevation in bid-ask spreads at the commencement of trading across all contracts, except for the SPI contract in the second sample period. Table 1 confirms that these patterns are statistically significant. Consistent with the discussion in the theory section, there is no evidence of a widening in spreads immediately before the overnight and lunchtime trading break. In fact, figure 1 provides some evidence that spreads narrow in the intervals immediately before the overnight trading break. Table 1 again confirms that this pattern is statistically significant for all contracts except the BAB contract.
. Results
Intraday Patterns in Bid-Ask Spreads
Figure 1 also provides some evidence of a narrowing in spreads immediately before the lunchtime break, although table 1 suggests that they are only significantly lower for the first sample period for the SPI and 10-year bond futures. There is also clear evidence of a significant widening in spreads immediately following the lunchtime break for all contracts depicted in figure 1 and table 1 . Hence, the behaviour in spreads around the lunchtime break is generally consistent with the overnight break.
The results presented so far are entirely consistent with the findings of Chan, Chung and Johnson (1995) and Chan, Christie and Schultz (1995) for quoted spreads in competitive equities markets. However, they directly contradict the findings of Wang et al. (1994) and Ma, Peterson and Sears (1992) , who analysed various estimates of spreads for the CME and found evidence of a widening in spreads immediately before a trading break. 6 While this difference in results may stem from the nature of spreads analysed (i.e. quoted v. estimated spreads), it may also result from differences in intraday patterns in the determinants of spreads. These are discussed in the next section.
Another noteworthy feature of the results reported above is the increase in bid-ask spreads for the 10-minute interval ending at 11.40 a.m. Although not 5. The variable was also broken down into average trade size and trading frequency, and the time series for each of these examined separately. While the intraday patterns in both of these variables were consistent with the volume variable reported in the paper, the patterns in trade size are less significant. 6. While the realised spread estimators have been criticised (see Wang et al. 1994 , fn. 6), we replicated the Wang et al. (1994) estimator for the Sydney Futures Exchange. Our findings were identical to suggesting that the behaviour of the markets are similar, and the differences in findings are driven by the actual metrics. reported, the result is statistically significant at the 0.001 level. This corresponds to the time-of-day when most macroeconomic information is released in Australia (11.30 a.m.). The widening in bid-ask spreads around the announcement time is consistent with prior research analysing quoted spreads around information releases in equity markets (see Jennings 1994) .
Intraday Patterns in the Determinants of Bid-Ask Spreads
4.2.1 Volume Both the equities and futures market literature cited earlier has documented that volume is elevated immediately prior to and following the overnight trading break (see Wang et al. 1994; Chan, Chung & Johnson 1995; Chan, Christie & Schultz 1995) . Figure 2 and table 2 document the intraday pattern in trading volume for all major futures contracts traded on the SFE. Consistent with prior literature, figure 2 suggests that trading volume is elevated at the commencement of trading and at the end of the trading day across all contracts. The GMM results reported in table 2 suggest that the elevation in volume is statistically significant at the 0.001 level across all contracts. In summary, these findings are entirely consistent with the patterns documented in both the equities and futures market literature and, hence, cannot explain the difference in findings relating to spreads in this paper and prior futures market literature. The behaviour of trading volume around the lunchtime interval is, however, quite different. The evidence in relation to trading volume immediately before and after the lunchtime period is at best mixed. Table 2 and figure 2 provide some evidence of a statistically significant increase in trading volume for 3-year bonds and 10-year bonds immediately prior to the lunchtime break. However, figure 2 suggests that volume is at its lowest intraday level for the SPI contract in both sample periods, while table 2 confirms that this is statistically significant at the 0.001 level. Similarly, following the lunchtime break, figure 2 suggests that volume is significantly higher for the SPI contract in the earlier sample period, however, no clear pattern emerges for the other futures series. Table 2 implies that trading volume is significantly higher for the SPI contract in the second sample period, as well as the 3-year bond and 10-year bond contract immediately following the lunchtime break. These results imply that, while the behaviour in bid-ask spreads around the lunchtime trading interval may be consistent with the overnight trading break, the forces shaping these patterns are significantly different. 
where ST(VOLUME t ) is the standardised volume (in contracts) traded during interval t, and D k is a time-of-day dummy variable set to one if observation t falls in interval k, otherwise zero. The intervals spanning 2.30 p.m. to 3.20 p.m. are excluded in constructing time-of-day dummy variables. The significance level of each 10-minute interval is established using a t-statistic derived from GMM estimation of the model above.
The t-statistics are adjusted for heteroskedasticity and autocorrelation. * Significant at the 0.001 level. 
Volatility
The patterns documented in volatility in prior literature tend to be consistent with volume. That is, volatility is elevated immediately prior to and following the overnight trading break (see Wang et al. 1994; Chan, Chung & Johnson 1995; Chan, Christie & Schultz 1995) . Figure 3 and table 3 document the intraday pattern in price volatility for all major futures contracts traded on the SFE. Figure 3 clearly suggests that price volatility is elevated around the overnight trading break. Table 3 confirms that these patterns are statistically significant at the 0.01 level across all contracts. The findings are entirely consistent with all prior literature, and again suggest that differences in price volatility cannot account for the conflicting findings between this study and prior futures market research. Again, the behaviour in price volatility around the lunchtime break is substantially different to its behaviour around the overnight trading break. In contrast to the intervals immediately prior to the overnight trading break, figure 3 suggests that price volatility is at its intraday lowest for the SPI contract, and is close to being the lowest for the interest rate futures contracts. Table 3 reports that, in contrast to interest rate futures, price volatility for SPI futures are significantly lower immediately prior to the lunchtime break. While figure 3 appears to suggest that price volatility is elevated when trading resumes following the lunchtime break, table 3 reports that this is statistically significant for the interest rate futures contracts only. 
. Conclusions and Suggestions for Future Research
This paper documents an elevation in quoted bid-ask spreads at the opening of trading and some evidence of a narrowing in spreads immediately prior to the close. All of these findings are entirely consistent with prior equities and options market research examining quoted bid-ask spreads, and contrasts with futures market research examining various spread estimators. Further, two main determinants of bid-ask spreads, trading volume and volatility, are elevated at the open and close of trading. This is entirely consistent with all prior research. Hence, there is little evidence to suggest that spreads in futures markets behave differently to spreads in equities markets, and the findings in prior futures market research appear to be attributable to the estimators used. We concur with the conclusions of prior equities and options market research, that spreads at the open and close of trading in competitive securities markets are consistent with information asymmetry and inventory holding cost models. While the behaviour of bid-ask spreads around the lunchtime closure are consistent with their behaviour around the overnight closure, patterns in volume and volatility are significantly different. This implies that the forces shaping spreads around the lunchtime closure are substantially different to the overnight closure. This finding is likely to be driven by the differences between the overnight and lunchtime trading break. The period of closure is brief (relative to the overnight close), volume and volatility in the underlying markets are expected to be at their lowest (Aitken, Brown & Walter 1994) , it is unlikely that there will be official information releases during the period of closure, and the underlying markets remain open. A number of possible future research directions are suggested by the findings in this paper. The results reported in this paper surrounding the lunchtime trading break contrast sharply with the results from US markets cited earlier which operate without a trading break. This implies that lunchtime closure can have an impact on market quality. A more detailed analysis of the lunchtime break can lead to insights relative to desirability of lunchtime closure. Such research is particularly important given the diversity in practice around the world. The SFE is not the only major exchange in the world with a lunchtime closure. The Tokyo International Financial Futures Exchange, the Osaka Securities Exchange and the Tokyo Stock Exchange also close at lunchtime, which is in contrast to the NYSE, the Chicago Board of Trade and the Chicago Mercantile Exchange which trade continuously.
Another possible future research direction is an analysis of bid-ask spreads and trading volume around information announcements. While a number of prior papers have examined the behaviour of intraday price volatility around information announcements in analysing the speed of response of futures markets to new information (e.g. Ederington & Lee 1993) , data limitations have resulted in an absence of prior research examining bid-ask spreads and trading volume in futures markets. The findings in this paper suggest that bid-ask spreads and trading volume seem to react, and more detailed analysis can lead to further insight.
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